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FOREWORD

One of the great challenges faced by water-resources scientists is providing
reliable water-quality information to guide the management and protection of the
Nation’s water resources. That challenge is being addressed by Federal, State,
interstate, and local water-resources agencies and by academic institutions. Many
of these organizations are collecting water-quality data for a host of purposes,
including compliance with permits and water-supply standards; development of
remediation plans for specific contamination problems; operational decisions on
industrial, wastewater, or water-supply facilities; and research to advance our
understanding of water-quality processes. In fact, during the past two decades, tens
of billions of dollars have been spent on water-quality data-collection programs.
Unfortunately, the utility of these data for present and future regional and national
assessments is limited by such factors as the areal extent of the sampling network,
the frequency of sample collection, the varied collection and analytical procedures,
and the types of water-quality characteristics determined.

To address this deficiency, the Congress appropriated funds for the U.S.
Geological Survey, beginning in 1986, to test and refine concepts for a National
Water-Quality Assessment (NAWQA) Program that, if fully implemented, would:

1. Provide a nationally consistent description of water-quality conditions for a
large part of the Nation’s water resources;

2. Define long-term trends (or lack of trends) in water quality; and

3. Identify, describe, and explain, as possible, the major factors that affect
observed water-quality conditions and trends.

As presently envisioned, a full-scale NAWQA Program would be accomplished
through investigations of a large set of major river basins and aquifer systems that
are distributed throughout the Nation and that account for a large percentage of the
Nation’s population and freshwater use. Each investigation would be conducted by
a small team that is familiar with the river basin or aquifer system. Thus, the
investigations would take full advantage of the region-specific knowledge of persons
in the areas under study.

Four surface-water projects and three ground-water projects are being
conducted as part of the pilot program to test and refine the assessment methods
and to help determine the need for and the feasibility of a full-scale program. An
initial activity of each pilot project is to compile, screen, and interpret available data
to provide an initial description of water-quality conditions and trends in the study
area. The results of this analysis of available data are presented in individual reports
for each project.

The pilot studies depend heavily on cooperation and information from many
Federal, State, interstate, and local agencies. The assistance and suggestions of all
are gratefully acknowledged.

-

Philip Cohen
Chief Hydrologist
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CONVERSION FACTORS

CONVERSION FACTORS
Multiply By To obtain
inch 254 centimeter
foot 0.3048 meter
yard 09144 meter
mile 1.609 kilometer
acre 4,047 square meter
square mile (mi%) 2.590 square kilometer
cubic foot per second (f3/s) 0.02832 cubic meter per second
gallon per minute (gal/min) 0.06309 liter per second
acre-foot 1,233 cubic meter
pound 0.4535 kilogram
ton 0.9072 megagram
ton per square mile 0.3503 megagram per square kilometer
degree Fahrenheit (°F) °C=5/9 (°F-32)/1.8 degree Celsius (°C)
°F=1.8(°C) + 32
Additional Abbreviations
mL = milliliter
mg/L = milligram per liter
pg/L = microgram per liter
ug/g = microgram per gram
pCi/L. = picocurie per liter

The use of company or trade names in this report is for information or identification purposes only and

does not constitute endorsement by the U.S. Geological Survey.
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Surface-Water-Quality Assessment of the Lower Kansas
River Basin, Kansas and Nebraska—Analysis of
Available Data Through 1986

Edited by P.R. Jordan and J.K. Stamer

EXECUTIVE SUMMARY

Beginning in 1986, the U.S. Congress appropri-
ated funds for the U.S. Geological Survey to test and
refine concepts for a National Water-Quality Assess-
ment (NAWQA) Program. The long-term goals of the
full-scale program are to: (1) provide a nationally con-
sistent description of current water-quality conditions
for a large part of the Nation’s surface- and
ground-water resources; (2) define long-term trends
(or lack of trends) in water quality; and (3) identify,
describe, and explain, insofar as possible, the major
factors that affect current conditions and trends in
water quality. This information, obtained on a continu-
ing basis, will be made available to water managers,
policy makers, and the public to provide an improved
scientific basis for evaluating the effectiveness of
water-quality-management programs and for predict-
ing the likely effects of contemplated changes in land-
and water-management practices. At present (1990),
the assessment program is in a pilot phase in seven
areas that represent diverse hydrologic environments
and water-quality conditions.

This report completes one of the first activities
undertaken as part of the lower Kansas River basin
pilot study, which was to compile, screen, and inter-
pret available water-quality data for the study unit
through 1986. The report includes information on the
sources and types of water-quality data available, the
utility of available water-quality data for assessment
purposes, and a description of current water-quality
conditions and trends and their relation to natural and
human factors.

THE LOWER KANSAS RIVER BASIN

The lower Kansas River basin drains about
15,300 mi? (square miles) in southeast Nebraska and
northeast Kansas. The study unit includes the Big Blue
River basin in Nebraska and Kansas and other basins
of smaller tributaries to the 170-mile reach of the Kan-
sas River from Junction City to its confluence with the
Missouri River at Kansas City, Kansas. The Kansas
River is formed by the confluence of the Smoky Hill
and Republican Rivers at Junction City, Kansas. Three
large Federal reservoirs, Tuttle Creek Lake on the Big
Blue River, Perry Lake on the Delaware River, and
Clinton Lake on the Wakarusa River, lie within the
Kansas part of the study unit. These reservoirs have a
substantial effect on water quality of the Kansas River.

Mean annual precipitation for 1951-80 ranged
from 24 inches in the northwest part of the basin to 36
inches in the southeast and produced mean annual run-
off of 2 to 9 inches. During 1971-86, when most of the
large reservoirs were in place, outflow from the basin
was 8,600 ft3/s (cubic feet per second), of which the
Big Blue River contributed the largest fraction, 27 per-
cent. Surface-water use in 1985 totalled 1.28 million
acre-feet, which accounted for about 41 percent of the
total water use.

About 85 percent of the study unit is agricultural
land and is typical of the midwestern United States
agricultural region. Principal row crops are corn, grain
sorghum, wheat, and soybeans. Irrigation has
increased severalfold in the past few decades in the
upper Big Blue River basin in Nebraska. Population of
the study unit was about 750,000 in 1980. Urban
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development represents a very small fraction of total
basin land use. The major urban and industrial areas in
the basin are the Kansas part of the Kansas City metro-
politan area, Topeka, and Lawrence, Kansas.

Sources and Characteristics of Available
Surface-Water-Quality Data

Most of the data analyzed in the report were col-
lected by the Nebraska Department of Environmental
Control, the Kansas Department of Health and Envi-
ronment (and its predecessor agencies), and the U.S.
Geological Survey. Additional data were collected by
the U.S. Army Corps of Engineers, the Nebraska
Game and Park Commission, and the U.S. Environ-
mental Protection Agency. Other data were collected
by researchers at Kansas State University (Manhattan)
and the University of Kansas (Lawrence). After initial
compilation of data for many sites, available data from
29 sampling stations were determined suitable for the
intended purposes. The quantity of data available for
the 29 principal sampling stations varied among the
groups of constituents examined. For example, more
than 4,000 samples were analyzed for pH, alkalinity,
major ions, and suspended sediment, and more than
2,500 samples were analyzed for nutrients, dissolved
oxygen, and fecal-indicator bacteria, but only about
500 samples were analyzed for major metals in water.
Data for dissolved-oxygen concentrations were not
representative of the full range of concentrations that
can occur during a 24-hour cycle period. Data for
about 50 additional sampling stations were analyzed
for some constituents or characteristics related to
water, sediments, and fish tissue. Most of the available
data that were used were in machine-readable format.

Current Water-Quality Conditions and
Long-Term Trends

On the basis of existing or proposed Federal
water-quality criteria, most streams in the lower
Kansas River basin were suitable for uses such as
public-water supply, irrigation, and maintenance
of aquatic life. However, a number of findings were
of concern in the study unit, which included (1)
increasing trends of dissolved-solids and nitrate
concentrations in the northwestern part of the
study unit due to increased use of ground water for
irrigation and to increased application of fertiliz-
ers; (2) large concentrations of dissolved solids, due

to chloride, on the main stem of the Kansas River
resulting from the inflow of water from the Smoky
Hill River; (3) large sediment yields in northeast
Kansas due to erodible soils, row-crop production,
and large amounts of precipitation and runoff; (4)
large concentrations of herbicides in water, partic-
ularly during June, July, and August in northeast
Kansas, due to the extensive use of atrazine and
other herbicides for corn and sorghum production;
and (5) large densities of fecal-indicator bacteria in
the Big and Little Blue Rivers upstream of Tuttle
Creek Lake.

Physical properties, inorganic and organic con-
stituents, and biological data were analyzed to define
current water-quality conditions, trends in water qual-
ity, and to relate, to the extent possible, these
conditions and trends to human and natural factors.
Summaries of station median values and trends for
selected water-quality constituents and properties are
presented in tables A and B, respectively.

pH and Major inorganic Constituents

Streams in the lower Kansas River basin are
generally well buffered and slightly alkaline. Sta-
tion median pH values (table A) were within the range
of natural water (6.5-8.5 standard units), and median
concentrations of alkalinity met the chronic freshwa-
ter-aquatic criterion of not less than 20 mg/L
(milligrams per liter) established by the U.S. Environ-
mental Protection Agency. Acidic waters are not a
problem in the basin.

The maximum station median concentrations
of dissolved solids and major ions (table A) did not
exceed Maximum Contaminant Levels (MCL’s) or
Secondary Maximum Contaminant Levels
(SMCL’s) established by the U.S. Environmental
Protection Agency. However, about 25 percent of the
samples collected from the Kansas River at DeSoto,
Kansas, contained concentrations of dissolved solids
that exceeded the SMCL of 500 mg/L for dissolved
solids. In addition, the median station median of 29
mg/L of sodium (table A) exceeded the 20-mg/L rec-
ommendation established by the U.S. Environmental
Protection Agency for persons on very restricted
sodium diets. The Smoky Hill River contributed large
concentrations of sodium and chloride ions to the Kan-
sas River as a result of ground-water discharge from
underlying aquifers that contain sodium chloride. Con-
centrations of dissolved solids and major ions
decreased downstream along the Kansas River
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Table A. Summary of station median values for selected water-quality constituents and properties in lower Kansas River
Basin, 1978-86 water years.

[Abbreviations: mg/L, milligrams per liter, pg/L micrograms per liter, uS/cm, microsiemens per centimeter at 25 degrees Celsius; colonies/100 mL,
colonies per 100 milliliter; <, less than]

Number Concentration or other measure
Constituent or property of Minimum Median Maximum
stations station median station median station median
H and alkalini

PH, in standard units 29 7.7 8.0 8.3

Alkalinity, in mg/L as calcium carbonate 18 145 190 270

Dissolved solids and major

Dissolved solids, in mg/L 10 260 350 440

Specific conductance, in pS/cm 28 340 540 790

Hardness, in mg/L as calcium carbonate 21 120 220 310

Calcium, dissolved, in mg/L 15 38 60 88

Magnesium, dissolved, in mg/L 15 6.0 12 19

Sodium, dissolved, in mg/L 15 53 29 57

Potassium, dissolved, in mg/L 12 <11 9.9 11

Sulfate, dissolved, in mg/L 18 34 60 98

Chloride, dissolved, in mg/L 21 2.0 17 82

Fluoride, dissolved, in mg/L 12 3 3 4

Silica, dissolved, in mg/L 18 90 16 29

Suspended sediment

Suspended sediment, in mg/L 12 17 280 580

Nutgents

Nitrate, total, in mg/L as N 21 <.09 12 23

(nitrite plus nitrate, total, in mg/L as N)

Nitrogen, ammonia, total, in mg/L as N 22 <.07 12 25

Nitrogen, total organic, in mg/L as N 13 .40 14 1.9

Nitrogen, total, in mg/L as 12 2.0 3.2 4.2

Phosphorus, total, in mg/L as P 18 02 34 1.0

Phosphorus, dissolved, in mg/L as P 12 02 30 53

Phosphorus, dissolved orthophosphate, 9 .02 14 .30

inmg/L as P

Arsenic, total, in pg/L. 7 4.0 7.0 10

Barium, total recoverable, in pg/L. 5 ‘150 200 300

Boron, total recoverable, in pug/L 9 100 120 160

Cadmium, total recoverable, in pg/L 9 <1 1.0 1.5

Chromium, total recoverable, in pg/L 10 5.0 10

Copper, total recoverable, in pg/L. 8 8.0 16 36

Iron, dissolved, in pg/L 16 <10 30 200

Lead, total recoverable, in pg/L 8 5.0 12 33

Manganese, dissolved, in pg/L 16 2.0 49 260

Mercury, total recoverable, in pg/L 11 <.l A <5

Selenium, total recoverable, in 6 <.1 1.0 3.0

Silver, total recoverable, in p, 6 <t <1 <10

Zinc, total recoverable, in pg/L. 7 30 70 150

Fecal-indi E .

Coliform, fecal, in colonies/100 mL 22 28 690 5,000
because of dilution by water from the Big Blue River dissolved solids with a median slope of 1.4 percent per
and other tributaries. year (table B).

Time trends in concentrations of major ions
were .s1gmficar.1t and pf)sntlve in the upper part of Suspended Sediment
the Big Blue River basin, probably as a result of the
increase in application of ground water for irriga- Suspended-sediment concentrations of
tion purposes since 1950. Seven of eleven stations predominantly silt and clay were large enough to

had positive trends of flow-adjusted concentrations of  gjye the water from the lower Kansas River basin a
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Table B. Summary of water-quality trends for selected constituents and properties in lower Kansas River Basin

[Trend slopes reported in percent per year except for flow-adjusted pH, which is reported in standard units per year. Trend slopes not significant at 0.1
probability level were not included in determination of median slopes. --, not applicable]

Trends of unadjusted concentration or property

Trends of flow-adjusted concentration or propeny

Constituent or Number Increasing trends Decreasing trends Number Increasing trends Decreasing trends
property of Number median Number Median of Number  Median Number ~ Median
stations slope slope stations slope slope

pH, in standard units 22 14 023 3 042 18 14 0.030 4 0034
Alkalinity, as calcium carbonate 15 6 10 4 -67 15 7 78 7 -12
Dissolved solids 11 8 92 3 -1.4 11 7 1.4 4 -
Specific conductance 23 15 92 1 -10 23 18 12 0 -

rdness, as calcium carbonate 20 13 .64 4 -76 20 15 1.8 5 -
Calcium, dissolved 16 12 55 1 - 16 15 2.1 1 -
Magnesium, dissolved 16 12 89 1 - 16 14 2.0 2 -
Sodium, dissolved 16 12 74 2 - 15 13 1.5 2 3.4
Potassium, dissolved 13 9 1.1 4 24 8 6 14 2 2.0
Sulfate, dissolved 18 13 2.0 3 2.0 18 15 1.7 3 -
Chloride, dissolved 19 8 24 10 25 18 12 1.8 5 2.9
Silica, dissolved 12 3 1.7 4 -96 11 5 1.8 6 -1.1
Suspended sediment
Suspended sediment 8 0 - 8 74 8 0 -- 6 -8.1
Nutrients
Nitrate, total, as N 14 13 45 1 -- 10 9 32 1 -

(nitrite plus nitrate, total, as N)

Nitrogen, ammonia, total, as N 13 1 - 11 -8.4 8 0 - 8 -11
Nitrogen, total ammonia plus 9 7 53 2 -3.2 7 1 - 6 -6.0

organic, as N
Nitrogen, total, as N 7 6 32 0 -- 7 5 22 2 --
Phosphorus, total, as P 12 5 35 5 6.8 10 3 6.1 7 5.5

CE € n|

Boron, total recoverable 6 1 3.1 4 34 0 - - - -
Boron, dissolved 11 1 - 4 -4.0 5 1 - 4 -2.6
Iron, dissolved 8 3 44 4 -12 5 3 44 2 -
Manganese, dissolved 8 0 - 6 -4.2 5 1 -- 4 6.5
Fecal-indicator bacteria
Coliform; fecal 13 6 8.9 5 9.8 11 1 - 10 -12

muddy appearance in many of the samples. From
table A, the median station median concentration of
suspended sediment was 280 mg/L. The largest
suspended-sediment yields (sediment transport
divided by drainage area) occurred in the Dis-
sected Till Plains physiographic sections because
of the erodible glacial till, hilly topography, large
quantities of precipitation to aid erosion, and
large rates of runoff to transport the sediment.
Time trends in flow-adjusted concentrations
of suspended sediment were consistent among six
sampling stations and were toward smaller concen-
trations. Because most of these downward trends
occurred after construction of Tuttle Creek and
Perry Lakes, it is probable that most of the
decreasing trends were a consequence of the use of
soil- and water-conservation measures, such as

terraces, grassed waterways, and farm ponds.
Implementation of additional conservation practices in
the Dissected Till Plains, such as removing very
erodible land from production, probably could further
decrease sediment concentrations in the Kansas River.

Nutrients

Median station concentrations of total nitrate as
nitrogen ranged from less than 0.09 to 2.3 mg/L, and
median station concentrations of dissolved orthophos-
phate as phosphorus ranged from 0.02 to 0.30 mg/L.
(table A). No seasonality of concentrations of nitrate
was detected upon analysis of water from several sta-
tions that drained predominantly cropland.
Concentrations of nitrogen and phosphorus species
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were generally larger in water from stations in the
Big Blue River basin than from the remaining part
of the study unit. Dissolved forms of nitrate and
phosphorus can be readily assimilated by plants, and
nutrient enrichment of natural water can encourage
blooms of nuisance algae. Sources of nutrients in the
study unit include fertilizers, discharges from
wastewater-treatment facilities, animal waste, and
precipitation.

No measured concentrations of total nitrite
plus nitrate as nitrogen in the study unit from
1978-86 exceeded the MCL of 10 mg/L for drink-
ing water established by the U.S. Environmental
Protection Agency. During this time period, how-
ever, exceedances of the acute ammeonia criteria for
freshwater-aquatic life occurred in about 2 percent
of the samples, and exceedances of the chronic
ammonia criteria for freshwater-aquatic life
ranged from less than 1 to 7 percent of the samples.
Exceedances of the acute and chronic ammonia
criteria in water occurred only at stations in the Big
Blue River basin.

Mean annual transport of total phosphorus in the
Big Blue River near Manhattan, Kansas, was much
smaller than the sum of the sources into Tuttle Creek
Lake. Thus, the lake seems to be retaining much of the
total phosphorus associated with suspended sediment
that is trapped in the lake. Transport of nutrients
(nitrogen and phosphorus) in the lower Kansas
River basin was affected much more by agricul-
tural nonpoint sources than by point sources; point
sources contributed generally less than 10 percent
of the total transport of nitrogen and phosphorus.
About one-half of the phosphorus transported by
streams was associated with suspended sediment. If
soil-erosion control practices were to be implemented
to a greater extent within the study unit, these practices
might further decrease suspended-sediment and phos-
phorus discharge to streams and lakes and possibly
increase lake productivity.

Flow-adjusted concentrations of total nitrate
in water had increasing trends in the Big Blue
River and its tributaries in Nebraska during
1968-86. No statistically significant trends were
observed elsewhere in the basin. Increases in total
nitrate ranged from 1.2 percent per year (1968-86) in
water from the Big Blue River at Barneston, Nebraska,
to 6.0 percent per year (1970-86) in water from Lin-
coln Creek near Seward, Nebraska. Trends in total
nitrogen also increased and were significant in the Big

Blue River basin. These trends were consistent with
the increased amount of nitrogen fertilizer applied
in the northwestern part of the basin. Time trends in
concentrations of total ammonia were significant and
downward in water from most stations in the study
unit. Decreases in flow-adjusted concentrations of
total ammonia ranged from 4.5 to 19 percent per year.
The decrease in concentrations of ammonia can be
attributed, in part, to improved farming practices and,
in part, to an increase in the level of wastewater treat-
ment that began with the passage of the Water
Pollution Control Act Amendments of 1972 (Public
Law 92-500). Time trends in flow-adjusted concen-
trations of total phosphorus were downward in the
northwestern part of the basin but increased or
were not significant elsewhere. The general down-
ward trends in total phosphorus in the
northwestern part of the basin were consistent with
decreasing time trends in flow-ad justed sus-
pended-sediment concentrations (table B).

Major Metals and Trace Elements

Analysis of available data on major metals and
trace elements in streambed sediments within the
lower Kansas River basin, compared with data from
soils and surficial materials in the entire conterminous
United States, showed that 10 elements had apprecia-
bly larger concentrations within the lower Kansas
River basin. These elements were barium, cobalt, lan-
thanum, lead, magnesium, nickel, phosphorus,
sodium, strontium, and uranium. The larger concentra-
tions may indicate some human-induced enrichment
or simply some differences in the regional surficial
geology as compared to the rest of the conterminous
United States. For example, large concentrations of
barium showed a clustering in the northwestern part of
the study unit that appears to be related to the loess
deposits in that part of the basin.

The data for water showed no appreciable
differences in the distribution of concentrations of
major metals and trace elements, with the excep-
tion of total iron and total and dissolved
manganese, which were larger in the northwestern
part of the basin. The only meaningful comparison of
median concentrations of the major metals and trace
elements that could be made to published data for sur-
face water throughout the United States was for
concentrations of dissolved iron and manganese.
Median concentrations of dissolved iron and manga-
nese were 30 and 49 pg/L. (micrograms per liter),
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respectively, which were considerably larger than the
typical dissolved-iron concentration of 10 pug/L and
the expected solubility for uncomplexed manganese in
surface water of 5.5 pug/L. The larger median
concentrations of dissolved iron and manganese mea-
sured at stations in the study unit may reflect colloidal
iron and manganese that can pass through a
0.45-micrometer filter during sample processing.

For all major metals and trace elements, the
acute freshwater-aquatic criteria were exceeded by
10 percent of the 1,032 water samples analyzed, the
chronic freshwater-aquatic criteria were exceeded
by 36 percent of 1,153 samples, and the drink-
ing-water MCL’s were exceeded by 3 percent of
693 samples. Total-recoverable iron and mercury
accounted for one-half of the chronic freshwa-
ter-aquatic exceedances. Of these, total-recoverable
iron had the largest percentage of exceedances (81
percent) of any major metal or trace element. The
occurrence of the iron exceedances was mostly in the
Big Blue River basin and its tributaries, although a
large percentage of occurrences were in water sam-
ples from the Kansas River at DeSoto, Kansas.
Because the chronic freshwater-aquatic criterion for
iron of 1,000 ug/L is not hardness dependent and
because the criterion is for total-recoverable iron, a
large number of exceedances is not unexpected in
view of the fact that iron is an abundant element and
most of the exceedances occurred during periods of
high streamflow rates when suspended-sediment con-
centrations were large. To further illustrate this point,
only 0.2 percent of the concentrations of dissolved
iron exceeded the chronic freshwater-aquatic
criterion.

Concentrations of total-recoverable copper and
zinc accounted for about 89 of the 104 exceedances of
the acute freshwater-aquatic criteria. All of the mea-
sured exceedances occurred in the Big Blue River and
its tributaries. Similar to iron, the number of concen-
trations of dissolved copper and zinc that exceeded
the acute freshwater-aquatic criteria were quite small
compared to total-recoverable copper and zinc
exceedances.

Drinking-water MCL’s for major metals and
trace elements had the smallest percentage of exceed-
ances (3 percent). Total-recoverable barium and lead
accounted for 21 of the 22 exceedances, with barium
having the largest percentage of these exceedances,
which occurred in water from the Big and Little Blue
River basins. Exceedances by barium in this part of

the study unit may be related to the clustering of large
barium concentrations in the streambed sediments in
the northwestern part of the basin. However, a com-
parison of dissolved concentrations of barium and
lead to the drinking-water MCL’s indicates that only 2
of the 147 samples analyzed exceeded the drink-
ing-water MCL’s, and the two exceedances were
concentrations of dissolved lead in water from the Lit-
tle Blue River near Hollenberg, Kansas.

Results of time-trend tests for concentrations
of major metals and trace elements in water
showed little consistency (table B). Unadjusted con-
centrations of boron showed decreasing trends, but
flow-adjusted concentrations of dissolved iron
showed increasing trends. Two of the three increasing
trends in dissolved iron were in water from the Big
and Little Blue River basins and may be associated
with increasing use of ground water for irrigation.

Trend tests were done for 14 major metals and
trace elements in water from the Kansas River at
DeSoto, Kansas. Statistically significant trends were
identified for dissolved iron, dissolved manganese,
and total zinc, all of which showed decreasing trends.
Point sources can account for only a small part of the
total transport of these metals. In addition, major met-
als and trace elements at other stations showed
statistically significant trends; however, insufficient
information was available to determine the causes of
these long-term trends.

Fish can accumulate in their tissue many metals
and trace elements; thus, fish are good indicators of
the presence of these elements that might otherwise be
undetected in water or sediment. Fish that have been
analyzed typically include bottom-feeding fish such as
channel catfish and common carp. Median and
90th-percentile concentrations of cadmium, copper,
and zinc in the lower Kansas River basin were larger
than corresponding nationwide concentrations. No
relationship could be detected between concentrations
of these elements in fish, in streambed-sediment sam-
ples, and in water samples from the study unit.

Pesticides and Other Synthetic-Organic
Compounds

Large amounts of corn, grain sorghum, wheat,
and soybeans are produced in the lower Kansas River
basin, and large quantities of agricultural pesticides
are applied to increase crop productivity. Of the 10
pesticides that were applied in the largest quantities in
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the basin in 1982, atrazine, alachlor, trifluralin, and
2,4-D accounted for 82 percent of the total.

Pesticides were detected in surface-water and
streambed-sediment samples. Triazine and other
nitrogen-containing herbicides were the most fre-
quently detected pesticides in water, and they
occurred in the largest concentrations. They
included atrazine (61 percent of 458 samples),
metolachlor (44 percent of 313 samples), and
alachlor (27 percent of 419 samples). These com-
pounds are frequently detected in water because they
are used in large quantities, are generally water solu-
ble, and are relatively persistent. Dieldrin was the
most frequently detected organochlorine insecticide in
water (3 percent of 732 samples). Diazinon was the
most frequently detected organophosphorus
insecticide in water (25 percent of 57 samples), and
2,4-D was the most frequently detected chlorophenoxy
acid herbicide in water (14 percent of 369 samples).

Atrazine and alachlor most frequently
exceeded the proposed drinking-water MCL’s of
3.0 and 2.0 pg/L, respectively. The largest concen-
trations of atrazine, metolachlor, and alachlor in
water occurred in June, July, and August.

Organochlorine insecticides and PCB’s have
been detected in streambed sediments, whereas
organophosphorus insecticides and herbicides have
not. One or more organochlorine insecticides were
detected in 96 percent of the samples of fish tissue (52
of 54 samples). PCB’s were detected in 88 percent of
the fish-tissue samples (28 of 32 samples). Concentra-
tions of organochlorine insecticides and PCB’s in
several fish-tissue samples exceeded the National
Academy of Sciences and National Academy of Engi-
neering guidelines for the protection of fish-eating
birds and mammals. Most of the exceedances were
due to chlordane, but PCB’s also exceeded the guide-
lines in some samples.

Fecal-Indicator Bacteria

Many water samples analyzed for
fecal-coliform bacteria exceeded the Kansas crite-
rion of 2,000 colonies per 100 mL (milliliters) for
secondary-contact recreational uses, such as fish-
ing. Eighteen to 74 percent of the fecal-coliform
densities in water samples from the Little Blue
and Big Blue Rivers and their tributaries in
Nebraska exceeded the Kansas recreational crite-
rion. Median station densities ranged from 28 to

5,000 colonies per 100 mL (table A). Median
bacterial densities along the Kansas River were vari-
able and did not follow a consistent pattern.
However, fecal-coliform densities tended to be largest
downstream from wastewater-treatment plant efflu-
ents. In the Big Blue River near Manhattan, Kansas,
which is downstream from Tuttle Creek Lake, 98 per-
cent of the samples had fecal-coliform densities less
than the criterion. Bacterial densities in water directly
downstream from a lake commonly are less than
those in streams feeding the lake due to several fac-
tors, such as long residence time in the lake, which
allows for settling of sediment-transported colonies.

Time trends of flow-adjusted fecal-coliform
densities in the study unit were toward smaller
densities (table B). Decreases of fecal-coliform bac-
teria that were statistically significant ranged from 8.4
percent per year in the Kansas River at DeSoto, Kan-
sas, to 15 percent per year in the Kansas River at
Wamego, Kansas.

Aquatic Biological Community

Available information did not permit character-
ization of regional water quality and detection of
alterations using phytoplankton and periphyton popu-
lations as indicators. However, short-duration studies
and studies of localized problems in Tuttle Creek and
Perry Lakes indicated that the productivity of these
lower life forms in the aquatic food chain was less
than in most North American reservoirs because of
turbidity.

Studies of macroinvertebrates by the Kansas
Department of Health and Environment indicated
that water quality has not severely hindered the
macroinvertebrate communities in the Kansas
part of the study unit. Studies of macroinverte-
brates by the Nebraska Department of
Environmental Control indicated that the benthic
communities in larger streams of the Big Blue
River basin in the Nebraska part of the study unit
were slightly healthier than those in larger
streams of the Little Blue River basin; the health of
benthic communities in smaller streams in both of
these basins was very similar.

Surface-water impoundments destroy habitat
for fish species adapted only to flowing water; how-
ever, impoundments provide new habitat for fish
suited to more lentic conditions. Overall, diversity of
fish in the study unit may have increased as a
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result of reservoir development. However, three
fish species, the blue sucker, paddlefish, and sauger,
are no longer found or are rare upstream of the dam
that was constructed before 1900 on the Kansas River
at Lawrence, Kansas.

INTRODUCTION

Background

Beginning in 1986, the Congress appropriated
funds for the U.S. Geological Survey to test and refine
concepts for a National Water-Quality Assessment
(NAWQA) Program. The NAWQA Program is
designed to address a variety of water-quality issues
that include chemical contamination, acidification,
eutrophication, salinity, sedimentation, and sanitary
quality. The long-term goals of the program are to

1. Provide a nationally consistent description of
current water-quality conditions for a large
part of the Nation’s water resources;

2. Define long-term trends (or lack of trends) in
water quality; and

3. Identify, describe, and explain, insofar as
possible, the major factors that affect current
conditions and trends in water quality.

This information will provide water managers, policy
makers, and the public with an improved scientific
basis for evaluating the effectiveness of water-quality
management programs and for predicting the likely
effects of contemplated changes in land- and
water-management practices.

The NAWQA Program is organized into study
units on the basis of known hydrologic systems
(Leahy and others, 1990). For ground water, the study
units cover large parts of aquifers or aquifer systems,
and for surface water, the study units are major river
basins. The study units are large, ranging from a few
thousand to several tens of thousands of square miles.

The pilot phase of the assessment program cov-
ers seven study units representing a diversity of
hydrologic environments and water-quality condi-
tions. The seven pilot study units include four that
focus primarily on surface water and three that focus
primarily on ground water. The subject of this report is
the lower Kansas River basin, which consists of the
Kansas River and its drainage area downstream from
the confluence of the Republican and Smoky Hill
Rivers to the confluence with the Missouri River as

shown in figure 1. The other surface-water pilot study
units are the Yakima River Basin in Washington; the
Upper Illinois River Basin in Illinois, Indiana, and
Wisconsin; and the Kentucky River Basin in Ken-
tucky. The ground-water pilot study units cover the
Carson Basin in Nevada and California; the Central
Oklahoma aquifer in Oklahoma; and the Delmarva
Peninsula in Delaware, Maryland, and Virginia.

Purpose and Scope

A large amount of water-quality data has been
collected in the United States by a diverse group of
organizations for a variety of purposes. One of the
first activities to be undertaken in each pilot study was
a compilation, screening, and interpretation of avail-
able water-quality data for the study unit. This
preliminary analysis was used to help establish priori-
ties and help formulate plans for the study’s field
activities.

This report presents the results of the analysis of
available information for the lower Kansas River
basin in Kansas and Nebraska. More specifically, the
purposes of the report are to describe to the extent
possible:

¢ Current water-quality conditions in the lower
Kansas River basin,

¢ Long-term trends in water quality that have
occurred over recent decades, and

* Relations of current conditions and trends in
water quality to natural and human factors.

The scope of the report covers information
describing the sources and types of water-quality data
that are available, a preliminary assessment of
water-quality conditions and trends, and a discussion
of the utility of available water-quality data for assess-
ment and implications for future data collection and
analysis.
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DESCRIPTION OF LOWER KANSAS
RIVER BASIN

By J.T. Dugan, R.A. Engberg, and P.R. Jordan
U.S. Geological Survey

The lower Kansas River basin drains about
15,300 mi2 and coincides with the area defined by the
U.S. Water Resources Council as hydrologic subregion
1027 (Seaber and others, 1984). Although 7.5 mi? of
the subregion lies within Missouri, drainage from this
small area near the confluence of the Kansas and Mis-
souri Rivers does not affect the quality of water used
within the study unit and is not included in the study.
The study unit does include the Big Blue River basin in
Nebraska and Kansas, as well as basins of smaller trib-
utaries to the 170-mile reach of the Kansas River from
Junction City to Kansas City, Kans. (fig. 1).

The Kansas River is formed by the confluence of
the Smoky Hill and Republican Rivers at Junction
City, Kans. Three large Federal reservoirs, Tuttle
Creek Lake on the Big Blue River, Perry Lake on the
Delaware River, and Clinton Lake on the Wakarusa
River, lie within the Kansas part of the study unit
(fig.1).

Physiography, Topography, and Soils

Land forms in the lower Kansas River basin are
characterized by the four physiographic sections shown
in figure 2 (Fenneman, 1946). The High Plains and
Plains Border sections are parts of the Great Plains
province. Smooth plains with little local relief domi-
nate the High Plains section; fluvial and eolian deposits
comprised of sand, gravel, silt, and clay underlie this
part of the study unit. The generally flat topography of
the High Plains provides gentle stream gradients that
contribute to only limited stream dissection and rather
broad, poorly defined valleys. The flat topography has

contributed also to a lack of external drainage in some
areas.

The Plains Border physiographic section is
more dissected than the High Plains and thus has
greater local relief. It is underlain by shale, sandstone,
and limestone, and minor fluvial and eolian deposits.
The drainage pattern in the Plains Border section is
more defined than in the High Plains section. Stream
channels are characteristically narrow, well estab-
lished, and bounded by a perceptible series of terraces.

The Dissected Till Plains and Osage Plains sec-
tions are parts of the Central Lowland province. The
Dissected Till Plains section is characterized by dis-
sected deposits of glacial till comprised of silt, clay,
sand, gravel, and boulders that overlie bedrock of pri-
marily shale and limestone, with some sandstone.
Maximum local relief is from 300 to 500 feet in the
downstream part of the Big Blue River basin and gen-
erally less than 300 feet elsewhere. Drainage channels
are well entrenched by tributaries flowing south to the
Kansas River.

The Osage Plains are south of the limit of glaci-
ation and are underlain primarily by shale and
limestone, with some sandstone. The Osage Plains in
Riley, Geary, and Wabaunsee Counties, Kans., are
underlain principally by cherty limestone and are
known locally as the Flint Hills. Local relief in the
Osage Plains section is generally less than 300 feet but
exceeds 300 feet in parts of the Flint Hills. Drainage
patterns are well defined although dissection of the
land is less than in the Dissected Till Plains.

In both the Osage Plains and the Dissected Till
Plains physiographic sections, alluvial and terrace
deposits comprised of sand, gravel, silt, and clay occur
in major stream valleys. The Kansas River, from Junc-
tion City to Kansas City, generally separates the Osage
Plains from the Dissected Till Plains in a broad, flat
alluvial valley bounded by rolling hills.

Soil characteristics are important to an under-
standing of the overall hydrology of the study unit.
From the principal hydrologic characteristics of per-
meability, slope, depth to the seasonally high water
table, and thickness of the soil profile, the potential for
such processes as overland runoff, infiltration,
ground-water recharge, evapotranspiration, and irriga-
tion can be assessed.

The soils of the uplands are slightly to moder-
ately permeable, whereas those along the major
drainage systems, both in flood plains and terraces, are
more permeable. Only in isolated areas in the upper
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IRRIGATED LAND, IN THOUSANDS OF ACRES

Figure 4. Totalirrigated acreage in Adams, Butler, and Hamilton
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Department of Water Resources, Lincoln).

part of the Little Blue River drainage are very perme-
able sandy soils found. Soil slopes are an expression of
the topography and directly affect overland-runoff
potential and infiltration. In the High Plains section,
the slopes are minimal, typically less than 3 percent. In
the remainder of the study unit, the extensive dissec-
tion causes soil slopes to generally exceed 10 percent.
Extensive areas of soil having seasonally high water
tables (less than 6 feet from the surface) are found
only along the flood plain of the Kansas River. Soils
having shallow profiles over bedrock generally are
along the Kansas-Nebraska border south and west of
the Little Blue River.

Land Use

Land use in the lower Kansas River basin (fig.
3) is typical of the agricultural region of the midwest-
ern United States. Types of agricultural uses are
affected by the physiographic and topographic charac-
teristics of the different parts of the study unit.
Agriculture accounts for about 95 percent of the land

use in the High Plains and Plains Border
physiographic sections. More than 75 percent of the
agricultural land in this part of the study unit is used
for cultivated crops, and the balance is used princi-
pally as pasture. The principal crops in this part of the
study unit, ordered by decreasing acreage, are corn,
grain sorghum, wheat, and soybeans. The most
intensely cultivated part of the study unit is in the High
Plains section, in which about 85 percent of the agri-
cultural land is cultivated. In this area, soil,
topography, and ground-water availability are well
suited for cultivated and irrigated crops. Although the
area has long been used for cultivated crops, the
amount of irrigation has increased severalfold since
1950, as shown in figure 4 for three representative
counties. In the Plains Border section of the study unit,
about 70 percent of the agricultural land is used for
nonirrigated, cultivated crops, and the remainder is
used for pasture.

Land use in the Dissected Till Plains and the
Osage Plains also is predominantly agricultural. These
sections are characterized by more topographic relief
and less ground-water availability than the area of the
basin that lies in the High Plains and Plains Border
sections; thus, the area is less suited for cultivated and
irrigated crops. The exception is the Kansas River
flood plain and terrace area, which has low relief and
good availability of ground water. Irrigation is prac-
ticed along much of the Kansas River, in areas too
small to be shown in figure 3. Principal crops in the
Dissected Till Plains and Osage Plains are grain sor-
ghum, wheat, corn, soybeans, and hay. The Flint Hills
area in Riley, Geary, and Wabaunsee Counties, Kan-
sas, is mostly rangeland, and the remaining area in the
Dissected Till Plains and Osage Plains is mixed crop-
land (30-60 percent) and pasture.

Wetlands, as defined by Cowardin and others
(1979, p. 3), are capable of providing all or some of
the life requirements for a myriad of wildlife. In the
lower Kansas River basin, riverine wetlands are
important nursery areas for larval fish. They also con-
tain large numbers of species that have a preference
for a particular habitat type, such as gar, carp, red
shiner, and bluegill. Lacustrine wetlands are primarily
in the deeper areas of oxbow lakes and in upstream
reaches of Tuttle Creek, Perry, and Clinton Lakes.
They support populations of centrarchid game fish,
such as largemouth bass, crappie, and bluegill. Marshy
areas of oxbow lakes provide spawning and nursery
habitat for both forage and game fish where the lakes
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are connected to the Kansas River or its tributaries
during wet seasons. The palustrine marshes (perched
pothole wetlands) of the upper Big and Little Blue
River basins are shallow and provide little if any fish-
ery resource but are important for migratory waterfowl
and other wildlife.

Urban development represents a very small
fraction of the total basin land use. The major urban
and industrial areas in the basin are the Kansas part of
the Kansas City metropolitan area, Topeka, and
Lawrence, Kans. The industrial area near Hastings,
Nebr. (fig. 3) is larger than the city itself, but develop-
ment in the area is very low density. Although the
Kansas City metropolitan area is at the downstream
end of the basin and has little effect on the Kansas
River, some of its water supplies are affected by activ-
ities in the basin. Other land uses, such as forest,
water, and mining, also occupy a very small part of the
total area of the basin. The population of the study unit
was about 750,000 in 1980 (U.S. Bureau of the Census
1980 decennial census files).

Climate

Climate in the lower Kansas River basin is char-
acterized by hot, humid summers and cold winters
with no particular dry season. July is normally the
warmest month in the basin with a mean temperature
of about 25 °C (degrees Celsius), and January is
normally the coldest month with a mean temperature
of about -4 °C. Mean annual temperatures range from
about 11 °C in the northwestern part of the basin to
about 12 °C in the southeast. (Except as noted,
climatic data are from the National Oceanic and
Atmospheric Administration, 1951-80.)

Precipitation in the basin is the most significant
climatic factor for agriculture and surface-water avail-
ability because of both temporal and spatial
variability. The 1951-80 mean annual precipitation
ranged from about 24 inches in the northwestern part
of the basin to about 36 inches in the southeast (fig. 5).
Extreme variability, however, characterizes annual
precipitation patterns. For example, from 1951 to
1980, annual precipitation on large parts of the basin
has ranged from less than 15 inches to more than 50
inches. The potential for drought, both short and long
term, is always great within the basin. The potential
for periodic flooding caused by excessive precipitation
and runoff is equally great.

About 75 percent of the precipitation in the
basin normally occurs during the warm season, April

through September (see fig. 5), which coincides for
the most part with the growing season. Precipitation
during the growing season, however, is not always
sufficient to provide optimal soil-moisture conditions
for most crops grown in the study unit. Thus, where
water supplies are plentiful, irrigation is a common
practice.

Potential evapotranspiration, an indicator of
energy available for consumptive water use, ranges
from about 48 inches per year in the western part of
the basin to about 42 inches per year in the northern
part (Dugan and Peckenpaugh, 1985, based on
Jensen-Haise technique). During the growing season,
potential evapotranspiration normally exceeds precipi-
tation, and during the nongrowing season,
evapotranspiration is less than precipitation. Because
of minimal evapotranspiration demands, the nongrow-
ing season is, therefore, the most effective time for
precipitation to replenish soil moisture and to recharge
the ground-water system.

Surface-Water Hydrology

The Republican and Smoky Hill Rivers, which
join to form the Kansas River at Junction City, Kans.,
both begin in the plains of eastern Colorado and flow
about 500 miles eastward to their confluence (fig. 1).
Thus, the Kansas River at its beginning receives
streamflow from a drainage area of about 45,000 miZ.
The Republican River, although it drains more than
one-half of the area, provides only about one-third of
the mean flow (about 2,600 ft3/s) entering the lower
Kansas River study unit, and the Smoky Hill River
provides the other two-thirds of the flow.

The largest tributary downstream from Junction
City is the Big Blue River, which originates in
Nebraska as does its principal tributary, the Little Blue
River. The Big Blue River enters the Kansas River at
Manhattan, Kans. Other principal tributaries that drain
from the north to the Kansas River are Vermillion
Creek, Soldier Creek, the Delaware River, and
Stranger Creek. The drainage to the Kansas River
from the south is much smaller than that from the
north and includes Clarks and Mill Creeks and the
Wakarusa River.

Although the basin contains many ponds and
lakes, three large Federal reservoirs provide most of
the surface-water storage. Tuttle Creek Lake on the
Big Blue River has a sedimentation pool of 211,500
acre-feet, a conservation pool of 177,100 acre-feet,
and a flood-control pool of 1,937,000 acre-feet. In
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Table 1. Streamflow characteristics for selected streamflow-gaging stations in lower Kansas River Basin

[Streamflow is in cubic feet per second. Exceedance frequency is percentage of time that indicated streamflow was equaled or exceeded. Index of vari-
ability, dimensionless, is the 10-percent minus the 90-percent exceedance-frequency streamflow divided by the median streamflow. --, not determined]

Streamflow for indicated
us. Drainage exceedance frequency
Station  Geological Streamflow  area Mean T-day,
number Survey dataused (square stream- 10-year 90 50 10 Index of
(fig. 6) number Station name (water years) miles) flow low flow (median) variability
1 06879100  Kansas Riverat 1968-86 44,870 2,640 220 424 1,330 6,320 44
Fort Riley, Kans.
2 06879650  Kings Creek near 1980-86 4.09 276 - 0 73 7.0 9.6
Manhattan, Kans.
3 06879900  Big Blue Riverat 1965-86 345 28.9 0 0 92 327 355
Surprise, Nebr.
4 06880000 Lincoln Creek near 1953-73, 446 51.3 27 6.3 13.0 76.1 8.1
Seward, Nebr. 1975-86
5 06880500  Big Blue Riverat 1955-86 1,099 129 1.5 109 26.1 219 8.3
Seward, Nebr.
6 06880800  West Fork Big Blue River 1959-86 1,206 182 24 43.0 79.5 310 34
near Dorchester, Nebr.
7 06881000  Big Blue River 1953-86 2,716 390 16 721 136 721 4.8
near Crete, Nebr.
8 06881200  Turkey Creek near 1960-86 460 92.4 2 4.0 16.6 129 75
Wilber, Nebr.
9 06881500  Big Blue Riverat 1011-15, 3,900 745 33 100 244 1,690 6.5
Beatrice, Nebr. 1975-86
10 06882000  Big Blue Riverat 1933-86 4,447 828 35 93.7 253 1,720 6.4
Bameston, Nebr.
11 06883000  Liule Blue River 1954-72, 979 144 10 43.1 70.5 200 22
near Deweese, Nebr. 1975-86
12 06883570  Liule Blue Rivernear 1960-72, 1,557 245 - 57 107 390 31
Alexandria, Nebr. 1975-86
13 06883940  Big Sandy Creek at 1980-86 607 119 - 20 309 154 43
Alexandria, Nebr.
14 06884000  Liule Blue River 1909-15, 2,350 380 45 91.9 162 589 3.1
near Fairbury, Nebr. 1929-86
15 06884025 Liule Blue Riverat 1975-86 2,752 533 5.0 104 213 931 39
Hollenberg, Kans.
16 06884400  Liule Blue River 1959-86 3,324 682 51 126 265 1,340 46
near Bames, Kans.
17 06885500  Black Vemmillion River  1954-86 410 158 .1 35 25.9 229 8.7
near Frankfort, Kans.
18 06887000  Big Blue Rivernear 1965-86 9,640 2,350 - 166 948 6,480 6.7
Manhatan, Kans.
19 06887500  Kansas River at 1968-86 55,280 5,450 390 881 2,820 13,600 45
Wamego, Kans.
20 06888500  Mill Creek near 1955-86 316 183 0 4.0 58.8 347 59
Paxico, Kans. -
21 06889000  Kansas Riverat 1968-86 56,720 6,230 540 1,040 3,170 15,800 4.7
Topeka, Kans.
2 06889200  Soldier Creek near 1959-86 157 100 .01 3.7 21.9 164 73
23 06889500  Soldier Creek near 1930-32, 290 144 0 1.6 29.7 247 8.3
Topeka, Kans. 1936-86
4 06890100  Delaware River near 1970-86 431 296 5 73 56.9 513 8.9
Muscotah, Kans.
25 06890900  Delaware River below 1971-86 1,117 746 - 24 102 2,250 21.8
Perry Dam, Kans.
26 06891000  Kansas River at 1971-86 58,460 7,600 750 1,150 3740 19,500 49
Lecompton, Kans.
27 06891500 Wakarusa River near 1981-86 425 300 - 14.9 60.0 1,080 17.8
Lawrence, Kans.
28 06892000  Stranger Creek near 1930-86 406 238 -0 21 40.0 437 10.9
Tonganoxie, Kans.
29 06892350  Kansas Riverat 1971-86 59,756 8,630 800 1,280 4,480 22,600 4.8

Desoto, Kans.




1986, Tuttle Creek Lake was used for flood control,
low-flow augmentation, and recreation, but allocations
for water supply were being studied. Perry Lake on the
Delaware River has a conservation and sedimentation
pool of 225,000 acre-feet and a flood-control pool of
517,500 acre-feet. Perry Lake is used for flood control,
recreation, and public-water supply. Clinton Lake on
the Wakarusa River has a conservation and sedimenta-
tion pool of 129,100 acre-feet and a flood-control pool
of 268,400 acre-feet. Clinton Lake is used for flood
control, recreation, and public-water supply.

Runoff in the study unit varies areally as deter-
mined by precipitation, vegetation, topography, soil,
and geology, and seasonally in response to precipita-
tion and evapotranspiration. The 50-percent increase
in mean annual precipitation from about 24 inches in
the northwest to about 36 inches in the southeast (fig.
5) is accompanied by a 350-percent increase in mean
annual runoff from less than 2 inches in the northwest-
ern part of the study unit to almost 9 inches in the
southeast (fig. 6). Mean monthly runoff is largest in
the spring and summer and smallest in the late fall and
early winter (fig. 6).

The mean flow rate of the Kansas River at its
confluence with the Missouri River during 1971-86
was about 8,600 ft3/s, of which the Big Blue River
contributed about 27 percent; the Smoky Hill River,
19 percent; the Republican River, 12 percent; the Del-
aware River, 9 percent; and smaller tributaries, the
remaining 33 percent. Streamflow characteristics
(table 1) were calculated from the entire period of
record through 1986 for U.S. Geological Survey
streamflow-gaging stations that measure unregulated
flow, and from a period of record representing condi-
tions of regulated flow at sites where flow is regulated
by major reservoirs.

Flow in the Big and Little Blue Rivers generally
is well sustained during dry weather by ground-water
contributions (Ellis, 1981, p. 44). Thus, surface-water
quality during low flow is affected by ground-water
quality although the effect is not quantitatively known.
Although wells completed in sandstone, which under-
lies parts of the Plains Border, western Dissected Till
Plains, and western Osage Plains physiographic sec-
tions, yield as much as 100 gal/min (gallons per
minute) (Bayne, 1975), little is known about the quan-
tity of ground water contributed to streams in these

areas. Ground water is scarce in the uplands of the
central and eastern parts of the Dissected Till Plains
and Osage Plains where bedrock is primarily shale
with thin strata of limestone and sandstone. Wells in
buried-valley aquifers north of the Kansas River yield
as much as 500 gal/min (Bayne, 1975). The extent of
hydraulic connection of these aquifers to streams var-
ies considerably within the area; thus, the effect of
buried-valley aquifers on the quantity and quality of
water in the streams ranges from negligible to
significant.

Considerable interchange of water occurs
between the Kansas River and its 1- to 2.5-mile wide
alluvial aquifer. During periods of high river stage, the
river provides recharge to the aquifer. During lengthy
dry-weather periods, the alluvial aquifer contributes an
estimated 1 to 4 ft3/s of flow per river mile to the Kan-
sas River (Fader, 1974). The exchange of water
probably has a significant effect on quantity and qual-
ity of water in both the river and the aquifer; however,
quantitative studies of those effects have not been
conducted.

Water Use

Water use in the lower Kansas River basin in
1985 totaled about 2.6 million acre-feet (calculated
from data on file with the U.S. Geological Survey,
Lawrence, Kans., and Lincoln, Nebr.) The location of
major municipal and industrial water withdrawals
(greater than 1,000 acre-feet per year) and sources of
supply in the study unit are shown in figure 7. Irriga-
tion withdrawals account for about 1.2 million
acre-feet of the total water use and are predominantly
ground water from the High Plains aquifer and the
alluvial aquifer along the Kansas River and partly sur-
face water from the Big and Little Blue Rivers and the
Kansas River. Irrigation accounts for about 90 percent
(about 0.8 million acre-feet) of the consumptive use of
water in the basin. Other major uses having significant
(more than 25 percent) consumptive components are
self-supplied industry and thermoelectric power gener-
ation (115,000 acre-feet), and public supply (142,000
acre-feet).

Surface-water use was about 1.3 million
acre-feet per year, which accounts for about 50 percent
of the total water use. Surface water is used instream,

18 Surface-Water-Quality Assessment of the Lower Kansas River Basin, Kansas and Nebraska—Analysis of Available Data
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nonconsumptively, for hydroelectric power (1.0 mil-
lion acre-feet per year) and offstream for self-supplied
industry and thermoelectric power generation (91,000
acre-feet per year), irrigation (82,000 acre-feet per
year), and public supplies (86,000 acre-feet per year).
Surface-water withdrawals for offstream use are
mainly from the Kansas River, and the water is used
within counties adjoining the river.

Stream and Lake Classification and
Associated Water-Quality Criteria

Water-quality regulatory agencies of Kansas
and Nebraska have taken slightly different approaches
to stream classification. Although both States in 1986
had classified streams or stream segments for noncon-
tact or secondary contact recreational use, Kansas
additionally designated points (defined as 200 yards
long) for contact recreation, whereas Nebraska applied
the criteria for contact recreation to the same stream
segments (miles long) as for other uses. Kansas desig-
nated streams for drinking-water use if their quality
was potentially suitable for such use after appropriate
treatment, whether or not the stream was being used
currently for that purpose. Nebraska designated stream
segments for public drinking water only if that use was
being made currently. In the following abbreviated
summary, the only uses discussed will be recreation,
aquatic life, and drinking-water supply. Other uses
designated by the State classifications, such as live-
stock watering, will not be discussed here.

Kansas stream classifications and associated
water-quality criteria are described in detail by the
Kansas Department of Health and Environment
(Fromm and Wilk, 1988). The quality criteria in gen-
eral are based on the harmful effects of substances that
originate from artificial sources, turbidity, nutrients,
pH, temperature, dissolved oxygen, residual chlorine,
toxic substances, and fecal-coliform bacteria. The
entire lengths of the Kansas and Big Blue Rivers are
designated for noncontact recreation, aquatic life, and
drinking-water supply. Nine points on the Kansas
River and one point on the Big Blue River are desig-
nated for contact recreation. On other streams in the
lower Kansas River basin, 16 points are designated for
contact recreation, and 37 streams are designated for
noncontact recreation, aquatic life, and drinking-water
supply.

Nebraska stream classifications in effect in 1986
and associated water-quality criteria are described by
the Nebraska Department of Environmental Control

(1986, p. 12, 29-33, and 55-59). The criteria consid-
ered chemical information, fecal-indicator bacteria,
toxic substances, suspended sediment, and biological
information. Of the 415 stream miles in the lower
Kansas River basin within Nebraska that had been
classified, 272 miles were assigned the designation
“Recreation Class B (secondary contact),” and none
were assigned “Recreation Class A (primary contact).”
In addition, 360 stream miles were assigned the
aquatic-life designation “Warmwater Class A,” 55
miles were assigned “Warmwater Class B,” and none
were assigned a “Coldwater” designation. No stream
miles were designated for “Public Drinking Water

Supply.”

ASSESSMENT APPROACH

By PR. Jordan
U.S. Geological Survey

Selection of Constituents and
Properties for Analysis

The National Water-Quality Assessment Pro-
gram has a set of water-quality constituents and
properties that comprise the target variables on which
the Program focused (Hirsch and others, 1988). The
inorganic constituents and properties that have been
selected are shown in table 2. They were selected
based primarily on their effects on human health, eco-
systems, and agriculture, and on their relevance to
water-quality issues (Hirsch and others, 1988). Many
of the constituents are listed because of regulatory pur-
poses, such as those developed under the Safe
Drinking Water Act of 1987. Water temperature is not
discussed in this report because preliminary analysis
showed apparent site-to-site variability that resulted
only from differences in the number of observations
made during different seasons and times of day.
Actual differences in temperature resulting from
human factors could not be determined without exten-
sive modeling.

Suitability of Water-Quality Data

Sample-collection methods are important for
obtaining reliable data that can be interpreted with
confidence. The U.S Geological Survey uses
depth-integrated water samples from at least three ver-
ticals in the stream cross section to guard against
nonrepresentative results due to lack of mixing of
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inflows and for constituents that are associated with
suspended sediment. For constituents not associated
with suspended sediment, data from other agencies
were used if at least three verticals were used or if the
flow was known to be well mixed within the distance
downstream from possible point sources of
constituents. For most streams in the study unit, the
stream-channel and flow characteristics indicate good
mixing due to narrowness or braiding of the channel
during low-flow conditions and increased turbulence
during high-flow conditions. For constituents associ-
ated with suspended sediment, samples were not used
for this report unless they were known to be
depth-integrated at three or more verticals in the cross
section (Guy and Norman, 1970).

Laboratory analyses were considered reliable if
they were performed by the U.S. Environmental Pro-
tection Agency or a laboratory certified by the U.S.
Environmental Protection Agency, by the U.S. Geo-
logical Survey, or by a laboratory participating in the
standard-reference-sample quality-control program of
the U.S. Geological Survey.

A critical need, and one that often is more diffi-
cult to evaluate, is for accurate recording and
transcribing of data into machine-readable formats.
Two procedures were followed for evaluation of this
factor. One was the examination of the description and
longitude-latitude coordinates shown for each set of
data. If the description and coordinates did not agree,
the data set was not used. The other procedure was the
examination of data by plotting and tabulating as
described later in this section of the report.

Methods of Data Analysis

This section describes the methods of data anal-
ysis that were used in two or more sections of this
report; any method used in only one section is
described in that section. The methods were used to
examine the available surface-water-quality data for
suitability for analysis, for assessing current
(1978-86) water-quality conditions, and for the analy-
sis of long-term trends.

Analysis of Suitability

For the purpose of judging the suitability of
available data for analysis, preliminary examinations
of the available data were performed for the stations
that had been sampled repeatedly. Examinations for
each water-quality characteristic at each sampling

station consisted of (1) tabulating the number of analy-
ses by year, by month, and by decile of streamflow
rate; and (2) plotting of analyses by year, by month, by
streamflow rate, and by specific conductance.

As a result of these preliminary examinations, a
few data values were identified as being erroneous and
either were corrected or deleted. However, some erro-
neous values undoubtedly remain undetected. The
examinations showed that, for most water-quality
characteristics at most stations that were sampled
repeatedly, the data were collected in all months, with
fewer analyses in January and February. The data gen-
erally represented all deciles of streamflow rates and
were not greatly concentrated in one or a few deciles.
The number of analyses by year varied greatly for dif-
ferent constituents or properties.

Assessment of Current Water-Quality Conditions

Methods used for assessing current water-qual-
ity conditions included (1) summarizing data, (2)
comparing available data with water-quality criteria,
and (3) calculating constituent transport. To summa-
rize data and assess current conditions, a relatively
short recent period of available data had to be chosen.
All available data could not be used because long-term
time trends may exist for many constituents at many
stations. In addition, for many constituents present in
very small concentrations, the detection levels and
methods of reporting data have changed through time.
Finally, large reservoirs, which affect streamflow and
some constituents, have been completed at different
times in and upstream from the study unit. After evalu-
ating these considerations, the 1978-86 water years
(Oct. 1-Sept. 30) were selected to represent current
conditions. This selection provides the following
advantages: (1) The 9-year period is short enough to
exhibit little change for most constituents that may
have long-term trends; (2) detection levels and meth-
ods of reporting data have been more consistent during
197886 than at prior times; and (3) the most recent
large reservoir, either in or upstream from the study
unit, that affects streamflow and constituents in the
study unit is Clinton Lake on the Wakarusa River,
which began storage in November 1977.

Selected percentiles of the available data at each
site are provided in the summary tables to indicate the
central tendency and the typical variation of the data.
The median was selected as the measure of central ten-
dency of the data because it is insensitive to extreme
values. The 25th and 75th percentiles span the central
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Table2. Selected inorganic constituents and properties, their principal environmental effects, and their association with the
water-quality issues addressed by the National Water-Quality Assessment Program (NAWQA).

[Modified from Hirsch and others (1988, table 3). --, no environmental effect or association with NAWQA water-quality issues; +, environmental effect
or association with NAWQA water-quality issues]

Principal effects Water-quality issues
Constituent
or Human Agri- Toxic Nutrient General
property health Ecosystems  culwre contamination  enrichment Acidification  Salinity suitability
H. alkalini } acidi
pH - + - - - + - -
Alkalinity - + - - - + + +
Acidity - + - - - + - -
Dissolved solids and major ions
Dissolved solids - + + - - - + +
Calcium - + + - - + + +
Magnesium - + + - - + + +
Sodium + + + - - + + +
Sulfate + + - - - + + +
Chloride - + + - - + + +
Fluonide + - - + - - - -
Nutrients
Nitrate + + + + + + - -
Nitrite + + + + + - - -
Ammonia - + - + + - - .
Total nitrogen - + - - + - - -
Total phosphorus - + - - + - - -
Orthophosphate - + - - + - - -
Dissolved oxygen
Dissolved oxygen - + - - - - - +
Major metals af el L

Aluminum - + + + - + - -
Antimony + + - + - - - -
Arsenic + + + + - - + -
Barium + - - + - - . .
Beryllium + - - + - - . .
Boron - - + - - - + .
Cadmium + + - + - + R R
Chromium + + - + - + - -
Copper - + + + - + - -
Iron - - - - - - - +
Lead + + - + - + - -
Manganese - - - - - - - +
Mercury + + + + - + - -
Molybdenum + - + + - - + .
Nickel + - - + - + - -
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Table2. Selected inorganic constituents and properties, their principal environmental effects, and their association with the
water-quality issues addressed by the National Water-Quality Assessment Program (NAWQA)-Continued

Principal effects Water-quality issues
Constituent
or Human Agri- Toxic Nutrient General
property health Ecosystems  culture contamination  enrichment Acidification  Salinity suitability
Major metals and trace elements--Continued
Selenium + + + + - - + -
Silver - + + - - - -
Vanadium + - - + - - - -
Zinc - + - + - + - -
Radionuclides

Gross alpha + - - + - - - -
Gross beta + - - + - - - -

one-half of the analyses and thus provide information
on both central tendency and variation. The 10th and
90th percentiles provide a good estimate of the typical
variation of the data because they account for all but
the most extreme 10 percent at each end of the
distribution.

Because the purpose of summarizing data is to
represent the conditions during a selected time period,
the number of analyses summarized should be ade-
quate to provide a valid estimate of the conditions
during the period. For example, although the middle
value in three analyses of concentration is the median
for those analyses, it would not be expected that this
value would be a good estimate of the median of all
the concentrations that occurred during a 9-year
period. For the purpose of this report, a liberal policy
was adopted, and the 25th, 50th, and 75th percentiles
were calculated for 10 or more analyses, and the 10th
and 90th percentiles were calculated for 30 or more
analyses. The summary tables presented later in this
report show, in addition to the percentiles, the number
of analyses to aid in judging the adequacy of the data.
It should be kept in mind that, even if the analyses had
been random, the minimum number of analyses (10 or
30) would not necessarily provide good estimates of
the true percentiles for the 9 years (Conover, 1980, p.
105-117). In reality, the analyses were not random; in
fact, special-purpose analyses may have been made
during certain hydrologic conditions. Special-purpose
analyses generally are not identified as such in the data
bases, and where they are included, they may have
injected bias into the percentile calculations. In a few

instances, special-purpose analyses were recognized,
and they were either excluded or their bias is noted in
this report.

To compare the available data with water-qual-
ity-criteria for either instream or offstream use, the
“Water Quality Criteria Summary” chart included in a
report by the U.S. Environmental Protection Agency
(1987d) was used (the exceptions were for fecal-indi-
cator bacteria and some synthetic-organic compounds,
as noted in the appropriate sections of this report).
Because the criteria are often for averages of analyses
during specified times and the criteria for drinking
water are for treated water rather than for raw water,
the analyses of individual instantaneous samples of
ambient water quality are not strictly comparable with
the U.S. Environmental Protection Agency criteria.

State water-quality criteria of Kansas or
Nebraska exist for some constituents or properties not
covered by U.S. Environmental Protection Agency
criteria. Some State criteria also differ from U.S. Envi-
ronmental Protection Agency criteria in either the
numerical value or in the method of averaging or in
frequency of occurrence. In addition, State criteria of
Kansas and Nebraska are not identical. Therefore,
only the U.S. Environmental Protection Agency crite-
ria are reported herein (with the exceptions previously
noted).

Determining suitability of data for calculations
of constituent transport was partly subjective and
involved judgment of the effect of the absence of data
during some of the 9-year period, the effect of
extrapolating beyond the range of streamflow rates
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sampled, and the effect of nonuniform data coverage
during the four seasons. Constituents for which trans-
port values might have some meaning and which had
at least 30 analyses during the 9 years were considered
for calculations of transport. Calculations were made
if no seasons were drastically underrepresented, if
analyses were fairly well distributed throughout the
range of streamflow, and if the largest decile of
streamflow had more than two analyses.

For constituents that had adequate data for such
calculations, transport was calculated for five key
streamflow-gaging and sampling stations representing
transport from major parts of the study unit, into and
out of Tuttle Creek Lake, and out of the study unit.
These stations, shown in figure 6, were

* Big Blue River at Barneston, Nebr. (Big Blue
River upstream from Little Blue River and
part of inflow to Tuttle Creek Lake, station
10);

» Little Blue River at Hollenberg, Kans. (most
of the Little Blue River and part of inflow to
Tuttle Creek Lake, station 15);

* Big Blue River near Manhattan, Kans. (out-
flow from Tuttle Creek Lake, station 18);

» Kansas River at Wamego, Kans. (Kansas
River downstream from Big Blue River, sta-
tion 19); and

» Kansas River at DeSoto, Kans. (outflow from
study unit, station 29).

Calculations for suspended sediment, nitrogen, and
phosphorus were made for additional stations that had
suitable data to provide improved areal definition of
these constituents for which transport is of special
interest.

Relations between instantaneously observed
constituent-transport rate and streamflow rate and sea-
son were developed by least-squares regressions using
the logarithm of transport rate, the logarithm of
streamflow rate, and seasonal factors calculated as
trigonometric functions of the date. Because this type
of regression provided an estimate of the mean loga-
rithm of transport for a given streamflow rate and
season, it provided a biased estimate of the mean
transport rate. This bias was removed by using Duan’s
estimator (Duan, 1983). The regression equation cor-
rected for bias was used to estimate transport for each

day of the 9-year period. The mean annual constituent
transport rate in tons per year then was calculated.

A measure of the accuracy of estimate of mean
annual transport rate was calculated by a method that
accounted for the standard errors of the regression
coefficients, the number of days involved in the esti-
mated mean, and the serial correlation of daily values.
The result was a root mean-square error value for each
mean annual transport rate. These root mean-square
errors do not account for biases that might result from
extrapolation or other causes; the calculated root
mean-square errors that were less than 4 percent were
increased arbitrarily to 4 percent to avoid an unwar-
ranted impression of great accuracy.

Analysis of Long-Term Trends

Long-term trends over time were tested using
the seasonal Kendall test (Hirsch and others, 1982).
The analysis of long-term trends used data from earlier
years in addition to the 1978-86 water years chosen to
represent current conditions. The objective was to be
able to have some confidence in the results of the anal-
ysis; if only a few samples over a few years are
analyzed for trends, the explainable variance is likely
to be so small relative to the unexplained variance that
the results would not be meaningful. Where data were
adequate for the analysis, all available data on the con-
stituent at each sampling station were used, with the
exception of replicate samples on the same day and
data extremely isolated in time from the main body of
data (for example, a single sample in 1903 at one
station).

The judgment regarding the adequacy of avail-
able data for analysis of long-term trends was partly
subjective. Minimum requirements applied were (1) at
least 40 analyses; (2) at least 10 years from first year
to last year of data used; and (3) a year would not be
counted as the first or last of the 10 years if there were
fewer than three analyses in that year. Another consid-
eration was that sparse or absent data in middle years
could be accepted because they would have little
effect on the analysis. Equal spacing of the analyses in
time was not required because the analysis accounts
for the season of each sample; however, data sets
having conspicuous absence of data in one or more
seasons were not used. Uniform coverage of rates of
flow was not required because flow adjustment could
be used for constituents or properties showing
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relations to streamflow rate. However, data sets hav-
ing conspicuous absence of analyses in a high or low
range of streamflow rate were not used. Each analysis
was assigned to one of four seasons, and the analysis
of long-term trends compared only analyses from the
same season (Hirsch and others, 1982). All possible
pairs of analyses from each season were compared.

Analyses for long-term time trends were made
on the numerical values of the constituents or proper-
ties from the data base; in addition, for constituents or
properties that showed a relation to streamflow rate,
the values were flow adjusted if the relation had a
probability level of 0.20 or less. Flow adjustment
meant that an analysis was performed on the residuals
from a regression, with streamflow rate as the inde-
pendent variable. Flow adjustment usually provides
more sensitivity to the statistical analysis by decreas-
ing the amount of unexplained variation in the data
and by preventing incorrect conclusions where a trend
existed in the streamflow rates associated with the
samples. The analysis procedure also provided adjust-
ment for the effects of serial correlation. Results of the
analyses included the probability level and the average
rate of trend in units per year and (or) percent. The
standard for significance for trend at an individual
station was established as a probability level of 0.10 or
less; however, trends with probability levels larger
than 0.10 may be meaningful if consistent with trends
at other sampling stations.

The rate of trend was calculated for all analyses
whether the result was statistically significant or not.
For all flow-adjusted analyses, except pH, the rate was
converted to percentage from the original logarithmic
units. Percentage calculated this way means percent-
age of the previous year’s value rather than percentage
of the median; therefore, the percentage cannot be
applied in a simple way to a series of years. The per-
centages were used appropriately to judge only
whether a statistically significant trend had practical
significance. For example, a trend might be statisti-
cally significant with a rate of 0.2 percent but may not
have practical significance because of such a small
trend rate. The rate calculated is only an average of
rates that may have varied considerably during the
time period of data used. Both the probability level
and the rate apply only to the time period of the
analysis and should not be used for projections beyond
that period.

SOURCES AND CHARACTERISTICS OF
AVAILABLE SURFACE-WATER-QUALITY
DATA

By P.R. Jordan
U.S. Geological Survey

Sources of Water-Quality Data

The bulk of the surface water-quality data avail-
able for streams and lakes in the lower Kansas River
basin has been collected by the Nebraska Department
of Environmental Control, the Kansas Department of
Health and Environment (and its predecessor agen-
cies), and the U.S. Geological Survey. Additional data
have been collected by the U.S. Army Corps of Engi-
neers (in relation to large Federal reservoirs), the
Nebraska Game and Park Commission, and the U.S.
Environmental Protection Agency. Data collected by
the U.S. Environmental Protection Agency were col-
lected either directly by that agency or by contractors,
such as the National Sanitation Foundation for a study
of a water-quality index (McClelland, 1974) and the
University of Nevada (Reno). Other data have been
collected by researchers at Kansas State University
(Manhattan) and the University of Kansas (Lawrence),
partly for studies by the Kansas Water Resources
Research Institute. Data collected through 1986 gener-
ally were used for this study; in a few cases, some data
for 1987 were readily available and were used.

For the purposes of this report, only
water-quality data available in machine-readable form
(with the exception of biological data and some data
on pesticides and other synthetic-organic compounds)
were analyzed. Because of the computerized systems
established by the U.S. Environmental Protection
Agency and the U.S. Geological Survey for the stor-
age and retrieval of water-quality data, most of the
available data are in machine-readable form. A system
of routine transmittal of data provides that all the data
in the U.S. Geological Survey computerized system
are also in the U.S. Environmental Protection
Agency’s STORET system. For the lower Kansas
River basin, STORET also includes data collected by
other Federal and State agencies, principally the
Kansas Department of Health and Environment and
the Nebraska Department of Environmental Control.

The machine-readable data analyzed for this
report were retrieved from the U.S. Geological Survey
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Figure 8. Number of ambient surface-water samples
analyzed for major property and constituent groups during

1978-86 water years at stations that were sampled repeatedly.

data base and from STORET and were stored in a sep-
arate local data base for each sampling station for use
in this study. Data on biological characteristics and
some data on pesticides and other synthetic-organic
compounds were obtained from published reports and
agency files.

Characteristics of Water-Quality Data

Characteristics of ambient surface-water-quality
determinations vary considerably among sampling sta-
tions and for different time periods at individual
stations. The largest number of samples were analyzed
for those constituents associated with water-quality
issues of long-standing concern, such as acidification
(pH and alkalinity), salinity (major cations and
anions), sedimentation (suspended sediment), eutroph-
ication (nutrients), and sanitary quality (dissolved
oxygen and fecal-indicator bacteria). Fewer analyses

were made for those constituents that are associated
with the issue of toxic contamination (trace elements
and synthetic-organic compounds). One reason for the
smaller quantity of data for these constituents is the
relatively large cost of analysis.

The number of samples analyzed for selected
property and constituent groups at stations that had
been sampled repeatedly is illustrated in figure 8. In
this illustration, a sample is counted for a property and
constituent group if a significant number of individual
parts of the group were determined. For example, a
sample was counted for pH and alkalinity only if both
determinations were made. Every suspended-sediment
determination on a different day was counted (multi-
ple samples on the same day at the same station were
counted as one sample). A sample was counted for
nutrients if determinations were made of at least three
nutrients, including at least one form of nitrogen and
one form of phosphorus, and a sample was counted for
major metals and trace elements.if at least six of the
metals and elements were determined. A sample was
counted for pesticides if at least three pesticides were
determined. As figure 8 shows, the number of analyses
for major metals and trace elements, radionuclides,
organic carbon, and pesticides was relatively small.
However, the number of samples alone does not indi-
cate adequacy or inadequacy of the data for statistical
analysis or interpretation. For example, because sus-
pended-sediment concentration is usually the most
variable of constituents and is a recognized problem in
the lower Kansas River basin, a large number of sam-
ples well distributed seasonally and spatially is
required for adequate assessment of that property;
however, if constituents, such as major metals and
trace elements, have small variability and concentra-
tions consistently meet water-quality criteria, much
smaller numbers of samples would be adequate.

Spatial Distribution of Sampling Stations

An examination of available data showed sta-
tions where data were available for several
constituents over a long enough time to span the sea-
sons and show the typical yearly variations in
hydrologic conditions. Sampling stations 1 through 29
are the principal sites for which surface-water quality
data are analyzed in this report (fig. 9). Figure 9 also
shows stations where only data from fish-tissue
analyses were used (stations 30 through 35). The
availability of data at the sampling stations is far from
equal. For example, pH data were available for all 29
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Table4. Monthly distribution of analyses for selected constituents at two sampling stations within lower Kansas River Basin

Number of analyses for indicated constituent

Dissolved Dissolved Total nitrite Dissolved Suspended
Month pH oxygen sulfate plus nitrate arsenic sediment
iver Nebr. 1 -
January 9 6 4 6 0 3
February 9 5 5 5 0 5
March 8 5 4 5 0 3
April 9 7 6 7 0 6
May 8 4 4 4 0 3
June 16 10 12 10 0 9
July 14 6 9 4 0 11
August 16 7 11 7 0 7
September 13 7 6 7 0 4
October 10 7 7 7 0 4
November 10 6 5 6 0 5
December 8 4 4 ] ({] 4
Total 130 74 77 73 0 64
K Ri DeSoto.K ion 29, fig. 9). 1967-80
January 19 17 19 10 3 29
February 14 13 13 7 5 29
March 28 23 22 12 5 155
April 26 19 20 11 4 263
May 24 20 19 12 7 192
June 24 20 18 13 2 213
July 25 20 21 12 2 181
August 26 18 21 12 8 149
September 24 43 20 12 2 131
Cctober 23 19 19 11 5 118
November 27 17 16 10 5 107
December 20 19 19 12 4 34
Towal 280 248 227 134 52 1,621

Temporal and Hydrologic
Distribution of Analyses

To meet the objectives of the
surface-water-quality assessment, analyses needed to
be available for the commonly occurring range of
hydrologic conditions at each sampling station, for all
seasons, and for enough years to provide for time-trend
analysis. The distributions of analyses were similar in
many ways for most of the 29 principal sampling sta-
tions (stations 1-29, fig. 9). Two stations were selected
to describe the distributions commonly found. The

Sources and Characteristics of Available Surface-Water-Quality Data

distribution of samples collected at the Big Blue River
at Surprise, Nebr. (station 3, fig. 9), is representative of
stations having a modest amount of data, sufficient for
statistical summary and analysis. The distribution of
samples at the Kansas River at DeSoto, Kans. (station
29, fig. 9), is representative of the few stations that have
a large amount of data on a large number of constitu-
ents. In table 3, the streamflow rates of all the daily
mean flows have been divided into 10 deciles, and the
number of analyses obtained within each decile of
streamflow is tabulated. For the Big Blue River at Sur-
prise (station 3), the absence of analyses in the second
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Table 5. Annual distribution of analyses for selected constituents through 1986 at two sampling stations within lower
Kansas River Basin

Number of analyses for indicated constituent

Total
Dissolved Dissolved nitrite plus Dissolved Suspended
Year pH oxygen sulfate nitrate arsenic sediment
Big Blue River at Surprise, Nebr. (station 3, fig. 9)
1965 7 0 7 0 0 6
1966 13 0 13 0 0 14
1967 9 0 9 0 0 10
1968 10 2 10 2 0 8
1969 12 0 12 0 0 14
1970 10 2 10 2 0 6
1971 2 2 2 2 0 0
1972 3 3 3 3 0 6
1973 3 3 3 2 0 0
1974 3 3 3 3 0 0
1975 5 5 5 5 0 0
1976 12 12 0 13 0 0
1977 8 8 0 8 0 0
1978 12 12 0 13 0 0
1979 10 12 0 12 0 0
1980 u 10 9 10 [} 9
Total 130 74 71 73 Q 64
Kansas River at DeSoto, Kans. (station 29, fig. 9)
1967 0 2 0 0 0 0
1968 Q 8 0 0 0 0
f969 0 9 0 0 0 0
1970 Q 7 0 0 0 0
1971 3 4 0 0 0 0
1972 0 0 0 0 0 0
1973 8 2 8 0 ) 0
1974 25 14 25 3 3 0
1975 30 22 31 11 4 20
1976 23 23 24 12 6 154
1977 23 21 21 19 6 202
1978 24 22 22 22 4 319
1979 26 23 22 22 4 390
1980 32 47 24 23 4 256
1981 27 15 28 17 4 250
1982 13 5 6 0 4 5
1983 12 7 7 1 4 6
1984 14 6 6 1 3 7
1985 15 6 8 2 4 7
11986 3 2 3 i | 2 —3
Total 280 248 227 145 52 1,621

!This tabulation includes data for only part of 1986.
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decile of streamflow probably does not limit the utility
of the data because a substantial number of analyses are
available in the first and third deciles. The absence of
suspended-sediment analyses in the first and second
deciles of streamflow also is not a serious limitation
because suspended-sediment concentrations are char-
acteristically small during low-flow conditions. For the
Kansas River at DeSoto (station 29), although the dis-
tribution of analyses by streamflow rate is not precisely
uniform, each decile of streamflow is represented.

Typical monthly distribution of analyses is
shown in table 4. All the months are represented
although some months have a larger number of analy-
ses than others. Although fewer analyses were
available in winter months (December, January, and
February), those months were adequately represented
for a generalized assessment of water quality.

The distribution of analyses by year at two sta-
tions (table 5) illustrates characteristics common to the
data available at several stations. The annual distribu-
tion of analyses from the Big Blue River at Surprise
(station 3, fig. 9) is similar to that of a few stations
where data collection was discontinued before 1986.
Discontinuance or initiation of data collection often
occurred for different constituents independently, as
indicated by the Big Blue River at Surprise where few
data on suspended sediment were collected after 1970,
and few data on dissolved oxygen were collected
before 1970. For the Kansas River at DeSoto (station
29, fig. 9), few data were collected before 1973
because, until that year, the streamflow-gaging station
was several miles downstream. Periods of more inten-
sive data collection occurred at many stations. For
example, the Kansas River at DeSoto was sampled
intensively during 197481 to improve understanding
of the patterns of short-term variation in concentra-
tions of several constituents at the station (different
analyses within 1 day are counted separately in tables
3,4, and 5).

Other Relevant Data

Data on numerous other characteristics of the
study unit were used to improve interpretation of the
available data on surface-water quality. Land-use data
were obtained from a map by Williams and Barker
(1974) for Kansas and unpublished data from files of
the U.S. Soil Conservation Service (Lincoln) for
Nebraska. Water-use data were compiled by the U.S.
Geological Survey from State agency and local

sources. Climatological data were obtained from
monthly and annual reports of the National Weather
Service (National Oceanic and Atmospheric Adminis-
tration, 1951-80). Data on use of pesticides and
fertilizers were obtained from State and Federal agri-
cultural agencies. Point-source pollutant-discharge
data were compiled by Resources for the Future
(Gianessi, 1986b) from data assembled by the U.S.
Environmental Protection Agency from Kansas and
Nebraska State agencies. Data on contaminants in fish
tissue were obtained from the National Contaminant
Bio-Monitoring Program of the U.S. Environmental
Protection Agency and the U.S. Fish and Wildlife Ser-
vice, and from the Ambient Fish Tissue Monitoring
Program of the U.S. Environmental Protection
Agency, Region VII. Information on geology and soils
was obtained from a variety of published and unpub-
lished sources. Data on elemental composition of
streambed sediments were obtained from the National
Uranium Resource Evaluation Program of the U.S.
Department of Energy.

CURRENT WATER-QUALITY
CONDITIONS AND LONG-TERM TRENDS

Streamflow

By P.R. Jordan
U.S. Geological Survey

Variations in streamflow rate in most cases have
large effects on surface-water quality; a naturally
occurring example is the typical decrease in major-ion
concentrations during a rainstorm when the predomi-
nant source of streamflow changes from ground-water
seepage to overland runoff. Thus, if the streamflow
conditions during the period selected to represent cur-
rent conditions (1978-86) differed significantly from
the long-term normal conditions because of variations
in weather conditions, the water-quality conditions
would have a natural component differing from the
long-term normal.

Streamflow during 1978-86 tended to exceed
streamflows typical of the longer records used in table
1. Typical of this tendency is flow of the Big Blue
River at Barneston, Nebr. (station 10, fig. 6). For a
given percentage of days, streamflow at Barneston
during 1978-86 was consistently larger than for the
same percentage of days during the period used in
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Figure 10. Flow-duration curves of daily mean streamflow
of Big Blue River at Barneston, Nebr. (station 10, fig. 6),
1933-86 and 1978-86 water years.

table 1, 1933-86 (fig.10). Part of the difference may
stem from the fact that the longer period included two
extreme multi-year droughts, in the 1930’s and
1950’s. A possibility also exists that streamflow in the
study unit did have a long-term trend. A 15-year
weighted moving average of streamflow of the Kansas
River at DeSoto, Kans. (station 29, fig. 6), for
1917-84 (Jordan, 1986, fig. 2) seems to indicate an
upward trend despite known increasing losses to evap-
oration from irrigated fields and reservoir surfaces.
However, for stations on the Kansas River main stem
and the Big Blue River near Manhattan, no recent
period could represent long-term streamflow condi-
tions because the conditions have been altered by the

impoundments. The 1978-86 period serves the dual
purpose of representing hydrologic conditions as
affected by the reservoirs and providing comparability
among the different stations for interpretation of dif-
ferences in water quality.

Because water-quality constituents are trans-
ported by streamflow, differences in constituent
transport among sampling stations are affected as
much by differences in streamflow as by differences in
concentration. Strearnflow volumes and yields for
1978-86 are shown in table 6 for selected sampling
stations that represent the variation among stations for
which transport of constituents is calculated later in
this report. The yields of streamflow per unit area var-
ied considerably within the study unit and from the
area that contributes to flow at the upstream boundary
of the study unit. The streamflow volume entering the
study unit (measured at station 1 in table 6) was large
enough to transport substantial quantities of constitu-
ents into the study unit even though the streamflow
yield was small. On the Big and Little Blue Rivers,
streamflow yields increased from west to east and
north to south to provide streamflow volumes large
enough to transport substantial quantities of constitu-
ents into Tuttle Creek Lake. The outflow from Tuttle
Creek Lake (measured at station 18) continued the
transport of constituents that had not been deposited in
the lake. The streamflow volume in the Kansas River
increased greatly at station 19 as compared to station 1
because of the large contribution from the Big Blue
River (measured at station 18). Continuing down-
stream, strearnflow volumes and yields of the Kansas
River increased significantly even though the tributar-
ies drain smaller areas (table 1) than does the Big Blue
River. This occurs because of the much larger yields
of those tributaries (station 28 is an example). These
larger yields result mainly from a west-to-east increase
in precipitation.

pH, Alkalinity, and Acidity

By J.K. Stamer
U.S. Geological Survey

pH is defined as the negative base-10 logarithm
of hydrogen-ion activity measured in moles per liter.
The pH of pure water at 25 °C is 7.0 standard units. pH
is an important factor affecting the chemical and bio-
logical quality of water in streams and lakes; however,
the pH of water in a stream does not indicate its ability
to neutralize an acid or base. This ability to neutralize
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Table 6. Streamflow volumes and yields at selected sampling stations within lower Kansas River Basin,

1978-86 water years

Mean annual streamflow yield
(acre-feet per
Sampling Mean annual square mile of
number (acre-feet drainage area
(fig. 9) Station name per year) per year)
1 Kansas River at 1,750,000 39.0
Fort Riley, Kans.
7 Big Blue River near 383,000 141
Crete, Nebr.
10 Big Blue River at 860,000 193
Bameston, Nebr.
15 Litde Blue River at 414,000 150
Hollenberg, Kans.
17 Black Vermillion River 161,000 393
near Frankfort, Kans.
18 Big Blue River near 2,170,000 225
Manhattan, Kans.
19 Kansas River at 4,090,000 740
Wamego, Kans.
24 Delaware River near 238,000 552
Muscotah, Kans.
26 Kansas River at 5,730,000 98.0
Lecompton, Kans.
28 Stranger Creek near 257,000 633
Tonganoxie, Kans.
29 Kansas River at 6,550,000 110
DeSoto, Kans.

a strong acid or base is characterized by the alkalinity
or acidity of the water and defined as a “capacity”
function (Hem, 1985). If the capacity is considerably
large, then the water is considered to be a “buffered
system” (Hem, 1985).

The principal source of alkalinity is atmospheric
carbon dioxide. Other potential sources of alkalinity
are the dissolution of rocks and minerals. Sedimentary
rocks, which are abundant in the study unit, are proba-
bly the largest source of carbonate ions. In natural
water, alkalinity generally results from dissolved-car-
bon-dioxide species, bicarbonate, and carbonate.
Alkalinity is an important characteristic of water
because it helps protect fish and other aquatic life
from changes in pH due to photosynthesis or
point-source discharges. Alkalinity is also an impor-
tant characteristic of water for municipal, industrial,
and irrigation uses.

The principal sources of acidity can include
solution of volcanic gases, oxidation of
sulfide-bearing minerals from mining operations, and
acid rain. Natural rain has a pH of 5.6 standard units,
which is acidic, but acid rain generally is defined as

having a pH of less than 4.0 standard units. Acid rain
is produced by the hydrolysis of nitrogen and sulfur
oxides, which results, in part, from the burning of fos-
sil fuel by thermoelectric powerplants, automobiles,
and heating systems.

Current Conditions

The statistical summary of pH and alkalinity
data collected during 1978-86 (table 7) shows that, for
pH in water from 26 stations, the smallest 10th-per-
centile value was 7.0 standard units and the largest
90th-percentile value was 8.6 standard units. The vari-
ation of the median values was only 0.8 standard unit,
from 7.5 to 8.3. These data show that overall the
streams do not exhibit a large amount of variation in
pH, that pH values in the lower Kansas River basin
generally were neutral to slightly alkaline, and that pH
values were within the range of natural water (6.5 to
8.5 standard units) as reported by Hem (1985). The
lack of variation is in large part due to the buffering
capacity of the surficial soils and rocks in the study
unit. The total alkalinity concentrations in table 7 also
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Table 7. Statistical summary of data on pH and alkalinity in water from selected sampling stations within lower Kansas
River Basin, 1978-86 water years

[This table includes only those stations having 10 or more determinations; --, the 10- and 90-percentile values are not shown for stations having
fewer than 30 determinations]

Sampling- Value at indicated percentile
station
number Number of 10 25 50 75 90
(fig. 9) Suation name determinations (median)
pH, in standard units

1 Kansas River a1 Fort Riley, Kans. 15 - 7.7 79 8.1 -

2 Kings Creek near Manhattan, Kans. 38 72 15 8.0 8.1 8.2

3 Big Blue River near Surprise, Nebr. 36 70 72 15 78 8.0

4 Lincoln Creek near Seward, Nebr. 119 72 75 78 8.0 8.2

5 Big Blue River at Seward, Nebr. 128 73 7.6 738 8.0 82

6 West Fork Big Blue River near Darchester, Nebr. 158 7.3 1.5 7.8 8.0 8.2

7 Big Blue River near Crete, Nebr. 245 7.1 16 17 19 8.1

8 Turkey Creek near Wilber, Nebr. 118 73 14 17 8.0 8.1

9 Big Blue River at Beatrice, Nebr. 66 73 16 78 8.2 85
10 Big Blue River at Bamneston, Nebr. 115 73 76 79 8.2 8.5
11 Liutle Blue River near Deweese, Nebr. 100 73 15 78 8.1 83
12 Litde Blue River near Alexandria, Nebr. 56 15 17 8.0 8.2 8.4
13 Big Sandy Creek a1 Alexandria, Nebr. 36 72 74 17 8.0 83
14 Little Blue River near Fairbury, Nebr. 21 - 17 79 79 -
15 Littde Blue River at Hallenberg, Kans. 126 7.3 15 79 82 84
16 Little Blue River near Bames, Kans. 42 72 76 8.0 8.1 84
17 Black Vermillion River near Frankfort, Kans. 53 73 7.6 79 8.1 84
18 Big Blue River near Manhattan, Kans. 97 15 19 82 8.3 84
19 Kansas River at Wamego, Kans. 38 8.0 82 83 84 8.6
20 Mill Creck near Paxico, Kans. 61 78 8.0 8.0 8.1 8.2
21 Kansas River at Topeka, Kans. 9N 7.7 79 82 84 8.6
2 Soldier Creek near Delia, Kans. 66 7.6 78 8.0 82 83
23 Soldier Creek near Topeka, Kans. 62 15 78 8.1 83 84
24 Delaware River near Muscotah, Kans. 48 73 7.6 8.0 8.2 83
25 Delaware River below Perry Dam, Kans. 16 -- 78 82 84 -
26 Kansas River at Lecompton, Kans. 3 117 8.0 8.2 84 8.6
27 Wakarusa River near Lawrence, Kans. 44 12 7.6 8.0 8.1 83
28 Stranger Creek near Tonganoxie, Kans. 59 7.5 7.8 8.0 8.2 83
29 Kansas River at DeSato, Kans. 125 78 8.0 82 85 8.6

Totl alkalini CaCO. in mill ki

2 Kings Creck near Manhattan, Kans. 31 230 250 266 280 289

4 Lincoln Creek near Seward, Nebr. 28 - 140 220 240 -

5 Big Blue River at Seward, Nebr. 2 - 100 240 280 -

6 West Fork Big Blue River near Dorchester, Nebr. 38 40 100 170 200 230

7 Big Blue River near Crete, Nebr. 25 - 100 200 240 -

8 Turkey Creek near Wilber, Nebr. 28 -- 74 145 190 -

9 Big Blue River at Beatrice, Nebr. 21 - 120 200 230 -
10 Big Blue River at Bamneston, Nebr. 23 - 90 190 230 -
1 Litde Blue River near Deweese, Nebr. 36 61 140 180 190 200
15 Little Blue River at Hollenberg, Kans. 164 74 140 190 200 210
18 Big Blue River near Manhattan, Kans. 182 110 120 150 180 210
19 Kansas River at Wamego, Kans. 105 130 150 170 200 220
21 Kansas River at Topeka, Kans. 50 120 140 150 190 220
22 Soldier Creck near Delia, Kans. 117 160 220 250 280 290
23 Soldier Creek near Topeka, Kans. 92 150 200 230 260 300
2% Delaware River near Muscotah, Kans. 53 120 180 210 260 280
26 Kansas River at Lecompton, Kans. 114 120 140 160 200 230
29 Kansas River at DeSoto, Kans. 122 110 130 160 200 220
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EXPLANATION

o VALUE(S) EXCEEDING UPPER QUARTILE PLUS
3.0 TIMES THE INTERQUARTILE RANGE

* VALUE%S) EXCEEDING UPPER QUARTILE PLUS
1.5 TIMES THE INTERQUARTILE RANGE BUT
LESS THAN UPPER QUARTILE PLUS 3.0 TIMES
THE INTERQUARTILE RANGE

UPPER QUARTILE PLUS 1.5 TIMES THE
INTERQUARTILE RANGE OR LARGEST VALUE
NOT EXCEEDING THIS COMPUTATION

UPPER QUARTILE (75th PERCENTILE)

ERQUARTILE

RANGE - MEDIAN (50th PERCENTILE)

LOWER QUARTILE (25th PERCENTILE)

LOWER QUARTILE MINUS 1.5 TIMES THE
INTERQUARTILE RANGE OR SMALLEST VALUE
NOT LESS THAN THIS COMPUTATION

*  VALUE(S) LESS THAN LOWER QUARTILE MINUS
1.5 TIMES THE INTERQUARTILE RANGE BUT
GREATER THAN LOWER QUARTILE MINUS
3.0 TIMES THE INTERQUARTILE RANGE

o VALUE(S) LESS THAN LOWER QUARTILE MINUS
3.0 TIMES THE INTERQUARTILE RANGE

NUMBER IN PARENTHESES IS SAMPLING-STATION NUMBER (figure 9)

WATER-QUALITY CRITERION ARE FOR FRESHWATER, CHRONIC
(U.S. ENVIRONMENTAL PROTECTION AGENCY, 1987d)

Figure 11 (left and above). Distribution of pH values mea-
sured in water from (A) Kansas and (B) Big Blue Rivers and
their major tributaries and relation of values to chronic fresh-
water-aquatic criteria, 1978—86 water years.

show that the streams are well buffered and that the
variability of alkalinity is not large. The range of
median concentrations of alkalinity in the basin was
approximately 120 mg/L. There is little difference in
the median concentrations in water from the Big Blue
River and its tributaries and the Kansas River and its
tributaries.

The distribution of pH values measured in water
for the 1978-86 water years at stations in the lower Kan-
sas River basin is shown in figure 11. Median pH values
in water from the Big Blue River basin (the Big Blue
River and its tributaries, fig. 11B) are generally less than
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Table 8. Number of pH or alkalinity determinations not meeting chronic freshwater-aquatic criteria in water
from selected sampling stations within lower Kansas River Basin, 1978-86 water years

[Determinations counted in this table as not meeting criteria do not necessarily represent violations of the criteria but may indicate need
for further study. Criteria listed are the numerical values from the summary chart of U.S. Environmental Protection Agency (1987d).
In addition to the numerical values, full criteria also consider duration and frequency of concentrations. Statistical summaries of pH

and alkalinity are listed in table 7]

Sampling- Number of determinations
station not meeting the criterion
number Number of for freshwater-aquatic
(fig. 9) Station name determinations life, chronic
pH: Chronic, not less than 6.5, not to exceed 9.0 standard units
3 Big Blue River 36 1
at Surprise, Nebr.
15 Liule Blue River 126 1
at Hollenberg, Kans.
16 Liule Blue River 42 1
near Bames, Kans.
17 Black Vermillion River 52 1
near Frankfor, Kans.
23 Soldier Creek 61 1
near Topeka, Kans.
29 Kansas River 123 1
at DeSoto, Kans.
Total alkalinity: Chronic, not less than 20 milligrams per liter
4 Lincoln Creek 29 1

near Seward, Nebr.

8.0, whereas the median values in water from the Kansas
River and its tributaries are mostly equal to or greater
than 8.0 (fig. 11A). In addition, the variation of pH is
larger in water from sampling stations in the Big Blue
River basin than in the rest of the lower Kansas River
basin. The smaller median pH values and the larger vari-
ation in water from stations in the Big Blue River basin
may reflect the intensity of agricultural practices in this
part of the lower Kansas River basin. Anhydrous ammo-
nia is applied by the tens of pounds per acre to corn and
grain sorghum. The oxidation of anhydrous ammonia to
nitrate releases hydrogen ions that can, in effect, lower
the pH of the water that reaches the streams (Snoeyink
and Jenkins, 1980). In addition, the application of large
amounts of ground water for irrigation in the northwest-
ern part of the Big Blue River basin also may account for
the smaller median pH values and larger variation in
water from sampling stations in the Big Blue River

basin. The pH of ground water in this part of the lower
Kansas Riverbasin is typically less than 8.0 as discussed
in reports on Hamilton and Seward Counties in
Nebraska, which represent areas underlain by the High
Plains aquifer (Keech, 1962; 1978).

As shown in table 8, few determinations of pH and
one determination of alkalinity did not meet the chronic
freshwater-aquatic criteria established by the U.S. Envi-
ronmental Protection Agency (1987d). There were no
determinations of acidity that did not meet the acidity
criterion, and therefore the criterion is not shown in table
8. Although the pH of precipitation collected near Man-
hattan, Kans., is mostly less than 6.0 (data from the
National Atmospheric Deposition Program, Natural
Resource Ecology Laboratory, Ft. Collins, Colo.), the
surficial soil and rocks in the study unit have sufficient
capacity to react with the hydrogen ions and keep the
streams slightly basic.
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Table 9. Trend-test results for pH in water from selected sampling stations within lower Kansas River Basin

[Underlined, significant at 0.1 probability level; Probability shown as 0 is less than 0.005]

Results of seasonal a! ime
pH Flow-adjusted pH
Sampling- Average rate of change Average rate
station Percent of change
number Inclusive Number Probability pH units of median Probab<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>